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Utah - Brief Facts

»Population 2.9M (34" largest state) T w‘ﬂ 2
»By the year 2050 — projected population 5.4M (86% Inc.) _\ \\( T

»Land Area: 84,900 sqg. mi (13! largest state)

»1908 Traffic Signals in the State of Utah
»1151 owned and operated by UDOT (60%)
» 757 owned and operated by cities /counties (40%)

»All cities share same ITS communications
»88% of UDOT signals connected
»79% of non-UDOT signals connected

»All cities share ATMS




Opportunity — UDOT Executive Leaders - 2011

“What would it take for UDOT'’s traffic signals to be World-Class?”

“What's the trend — are signal operations improving, staying the
same or getting worse?”

“What are our areas of most need?”

Carlos Braceras

John Njord



Some QIT Recommendations (July 2011)

»Require that communications and signal detection be
maintained during projects.

» Transition from reactive to proactive signal maintenance
by increasing signal maintenance funding.

»Implement real-time monitoring of
system health and quality of operations.

< Automated Traffic Signal Performance Measures (SPM’s)
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SPM Basic Concept

[ Automated Data ] [ Useful Information ]

Collection about Performance
- Signal controller - Signal
- Probe source - Corridor

- System



How SPM has Changed our F
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PERFORMANCE MEASURES FOR
TRAFFIC SIGNAL SYSTEMS

An QOutcome-Oriented Approach

Christopher M. Day, Darcy M. Bullock, Howell Li, Stephen M. Remias, Alexander M. Hainen,
Richard S. Freije, Amanda L. Stevens, James R. Sturdevant, and Thomas M. Brennan
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1) Get.dat Files

2) Translate Fles

dat b esv

3) StoreinDatabase

e By L
I = o i
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) igh-reslution Controller 2) Communications 3) Server

» Econolite Cobalt: Any Version

» Econolite ASC3 NEMA: V. 2.50+ & OS 1.14.03+
» Econolite 2070 with 1C CPU Module: V. 32.50+
» Intelight Maxtime: V. 1.7.0+

» Peek ATC Greenwave 03.05.0528+

» Trafficware 980ATC V. 76.10+ 2) Display Graphs

» Siemens M50 Linux & M60 ATC
- ECOM V. 3.52+

- NTCIP V. 4.53+
» McCain — In Progress

1} QueryDatabase

4) Website 5) Detection
Can be done independent of a central system! "™
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Sample Controller Log

Timestamp Event Code Event Parameter

6/27/2013 1:29:51.1 10 8
I>| 6/27/2013 1:29:51.1 82 5
DeteCtor 5 ON 6/27/2013 1:29:52.2 2
6/27/2013 1:29:52.2 1 6
6/27/2013 1:29:52.3 82 2
6/27/2013 1:29:52.8 82 4
6/27/2013 1:29:52.9 81 4
6/27/2013 1:29:53.3 81 6
6/27/2013 1:29:54.5 81 2
6/27/2013 1:30:02.2 8 2
6/27/2013 1:30:02.2 8 6
6/27/2013 1:30:02.2 33 2
6/27/2013 1:30:02.2 33 6
6/27/2013 1:30:02.2 32 2
6/27/2013 1:30:02.2 32 6
6/27/2013 1:30:06.1 10 2
6/27/2013 1:30:06.1 10 6

Phase 8 GREEN s e
6/27/2013 1:30:13.1 32 8

— | 6/27/2013 1:30:15.8 81 5 |
DeteCtor 5 OFF 6/27/2013 1:30:18.5 82 6
6/27/2013 1:30:27.5 81 6
6/27/2013 1:30:30.4 8 8
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Agencies using UDOT SPM Software

Others are in the works
Ask us if you're interested!

iy OO R o UDOT Providing
J A b _ i the Source Code

£ R i i ST @ ih\* for FREE to Others
; =] e ¥’ -
| ¥ 11 o 'éﬂ -,Iiu-mu % Lo S—
" ' E leﬁl? T has their own: .
Fly gy .t__‘“""“""
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| Py 5 02013 Mevia & 2078 Migessh Corperaltian

http://udottraffic.utah.gov/signalperformancemetrics



Types of Performance Metrics

Controller high-resolution data only
Purdue Phase Termination

Split Monitor

Advanced Count Detection (~350 - 400 ft behind stop bar)

Purdue Coordination Diagram Arrivals on Red
Approach Volume Approach Delay
Platoon Ratio Executive Summary Reports
Link Pivot (future)
Approach Speed Split Failure (future)
Turning Movement Counts Purdue Travel Time Diagram

Red Light Monitoring (future)
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Advance Count
Detectors

Wavetronix Advance

Used to timestamp vehicle
arrivals

10’ count zone placed
~350’ behind stop bar

No additional expense if
already in place for dilemma
Zones

May undercount dense traffic

Speed Metric only works with
Wavetronix Advance Smartsensor

Count zone

Loops & Pucks
Also work too (except for speeds)

. i h
Tracker
Logging

Log File:

Ela .
00:00:00

View Log:

g

Date/Time
07-16-13
09:12:51

e

—
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i sensor SetuE X‘
1 2-Zones & Channels 3

| <| AW (ft)

Stop Bar Count

Detectors
Wavetronix Matrix Count zones“.
Used for turning movement 0
counts

Lane-by-lane detection zones
in front of stop bar

Requires detection rack card

for every two or four zones ($$%)
Or........
Click 650 Detector BIU (64 channels)

ECIEEREMES
Loops, Video, Pucks T

Work too.
Need separate channel for each lane
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Performance Metrics Goals & Need

»Transparency and unrestricted access
»No Special Software — No Passwords — No Firewalls

»Access for everyone
»All of UDOT: (Safety, Region Traffic, Senior Leaders, Planning)
»Consultants, Academia, MPQO'’s, Federal gov., Local governments, Public

»The Need

» Executive Leader Raising of the Bar & Challenge for World-Class Signals
»Complaints were only measure we had
»Look at it every few years for a few hours
»Too much reliance on models and assumptions
»What happens on the weekend stays on the
weekend (same with holidays, middle of
the night, ...)
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Inna

. . @
LIPor Signal Performance Metrics &=p

Innovation Initiative

harts Reports Log Action Taken Links FAQ
->Signal Metrics

Selected Signal Metric Settings
Bangerter Hwy (SR-154) SR-201 DDI Metric Type
Signals O Approach Delay (O Purdue Phase Termination
Region |AII v| (O Approach Volume (O Speed
Metric Type | All v O Arrivals On Red @ Split Monitor
Filter | Signal Id V|| |[Filter || ClearFiter | O Purdue Coordination Diagram O Turning Movement Counts

VV YUIVIIING ' Show Plan Strip_es M Show % Max Out/ Force Off

- Show Ped Activity Show Percent Gap Outs
Show Average Split Show Percent Skip
JUpload Current Data

I,Ill:l:ki'q:lrirlgs
Dates
Start Date [9/412014 | [][12:00 | [am V]
. End Date [9/4/2014 | [][11:59 | [Pm v
o [ ResetDate | o September 2014 >
Den Sun Mon Tue Wed Thu Fri Sat
5 31 1 2 3 E§5 6
COLO| 5 Z 8 9 10 11 1213
] : 14 15 16 17 18 19 20
i 22 B3 M BWH
§ Sress Sl B g 28 29 30 1 2 3 4
% e Mountsin g 5 6 I 8 9101
IR LR i :
i Ah\g;!?_t-;\ ‘ Grand Mavajo Indian wmmﬂ Cm‘gﬂ%;;ﬁ-zuﬂ ﬂll‘-‘k-ia'l'laI i

..................................................................................................

http://udottraffic.utah.gov/signalperformancemetrics
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Phase Mumber

How Phases Terminate by Time-of-Day

8-phase signal with working detection

Free Coordination Free
Free TI Plan 1 T Plan 7 I Plan 13 — Plan 7— Free———
o 01 g2 03 04 05 i 3 o7 08 {9 10 11 12 13 14 15 16 17 18 19 20 A 2 23 oy
7 gl e S e - —
B —
5 P 77 // = i s i el e
s+ Coordinated phasesf-\ 7;
: // /’ //
2
/ [l
1 : P VO v o .
D y
| > /
00 01 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00
Time (Hour of Day])
Gap0 Pedestrian activation
(shown above phase line)
Ma& out Skip

. f Metric: Purdue Phase Termination Chart
orceo Detection Requirements: None



Phase Number

Maintenance Example:

Nighttime detection problem
BEFORE: Video detection not working at night

Minor street through & left turn max out at night only

, Free /l Plan 4 T Free ]
00 01 02 03 04 05 06 07 0:3/0/ 0 11 12 13 14 15 16 17 18 19 20 21 22 23 00
8 ! ’_f ; -‘J ; :
el 7= e B
[ |
6
5
4 / -1\.. & -:.
| e
3 ==
2
1

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00
Time (Hour of Day)

@ Gap out O Pedestrian activation

(shown above phase line)

@ Maxout O Skip

@ Force off Metric: Purdue Phase Termination Chart
Detection Requirements: None



Maintenance Example:

Nighttime detection problem
» BEFORE: Video detection not working at night

Major Street (@2) Minor Street (@4)
| Free | Free
00 01 02 03 04 05 06 07 08 09 00 01 02 03 04 05 06 O7 08 09
60 60
50 50
= =
g 40 g 40 i
5 0] . . R
5 s IS P B L 4 I ; A:.".:_;-:' E
?ﬁ 0 s, 1o i —R—.. b el 227 0 ?-él 20 f 5
o N £ i /
'I{] \‘\ -H] " e ®
~ /

0 0
mmnznamuﬁosmnsﬂﬂ\ ﬂDm‘yﬂENﬂEnﬁﬂ?mm

Major Street sees 20s of green and 30s of red.

@ Gap out @ Pedestrian activation

(shown above phase line)

@ Maxout O Skip
Metric: Split Monitor

@ Force off Detection Requirements: None



Maintenance Example:
Nighttime detection problem

AFTER: Detection repaired
/ Phases are rarely used at night
| Free ! Plan 4 , Free ,
00 01 02 03 04 05 06 9//03 09 10 M 12 13 14 1.5 1|6 7 18 19 20 21 2 23 00
3 .’I R R | |. .
7//7 / [ | — L
\\‘ 4
6 /
! /
3 1 : N
£ —_ -
3 =l
] ]
2 - S S VS N VA W WS v ——————,
: 5 5 o o o

@ Gap out
@ Max out
@ Force off

0 01 02 03 04 05 06 07 08 09 10 11

O Pedestrian activation

(shown above phase line)

O Skip

12 13 14 15 16 17 18 19 20 21 22 23 00
Time (Hour of Day)

Metric: Purdue Phase Termination Chart
Detection Requirements: None
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Phase Number

10400 South & River Heights Drive — Riverton, Utah

(Should time from phase 8 be given to phase 7?)

3 or more consecutive occurrences

10400 South River Heights Drive Signal 7228
Thursday, September 18, 2014 12:00 AM - Thursday, September 18, 2014 11:59 PM

Currently showing Force-Offs, Max-Outs and Gap-Outs with aconsecutive occurrence of 3 or more.

Pedestrian events are never filtered

, Free — Plan 1— Plan 4 , Plan 13 — Plan 4— Free———
00 01 02 03 04 05 06 07 08 09 10 1 12 13 14 15 16 17 18 19 20 21 23 00
7
6 -l L S ) L. L
5
4
3 - - ) R P .
2 L 1=
1 -ne
W 01 02 03 04 05 06 07 08 09 10 11 12 13 14 1 16 17 18 10 20 21 22 23 00
Time (Hour of Day)
@ Gap out O Pedestrian activation
(shown above phase line)
@ Maxout O Skip
Metric: Purdue Phase Termination Chart
@ Force off Detection Requirements: None



T Signal Performance Metrics rerE

-=5Signal Metrics

— Selected Signal — Metric Settings
I:I Mo Signal Selected — Metric Type
— Signals @ Approach Delay ® purdue Phase Termination
Region |AII v | © approach Volume O speed
Metric Type [Al v © Arrivals On Red © split Monitor
Filter | Signal Id - | | | | Gie | | GlearBilior | U Purdue Coordination Diagram '~ Turning Movement Counts

Signal List Time ¥ Axis Maximum |150 |

i g :

;:IT:gI: g 1 Volume Bin Size | 15 v |
T wadst Dot Size [Small v |
E g oSt e . @ show Plan Statistics
5 ¥ . Show Volumes
5 Export Data
() ] Upload Current Data
2 :
E o —Dates
o T || start Date [9/24/2014 | =] [12:00 | [AM v
End Date [9/24/2014 | [ 1159 | [PM ¥]
< September204 >
i .Sun .N.Inn Tue? ;s'Jed Thu Fr.i. Sat
31: 2 2 3 4 5B
| 7 8 9 L upn
s 14 15 16 17 18 19 20
212 23 25 26 27
§ 22 20 30 1 2 3 4
"""""""""""""""""""""""""""""""""""""""""""""""""""""" 5 6 7 .8 8 oM

Overland Park, Kansas (132 intersections as of 9-24-14)




Overland Park, Kansas — 135" & Antioch

(Stuck video detection for phases 3 & 8)

Fhase Mumber

e T T R L A = R R =

135th Antioch Signal 114

Monday, September 15, 2014 12:00 AM - Monday, September 15, 2014 11:5% PM

| Free (Pl Flan 1 FPlan & I Plan 2 1 Flan_.— Plan 3— Plan_— Flan 8&— Free 1

o0 01 2 03 ™M 05 06 EIIT 'DIE {:fIEI' 0 11 1|2 1|3 1|4 1|5 1IE 17 1IE 1IEI' 2:[}' 2|1 2 23
L - W -+ 4 M %M

|

@ 0 02 489 ¢ 05 06 07 068 M W 11 12 13 44 /5 i 17 18 19 A0 21 22 23 W

Time (Hour of Day)

Currently showing Force-Offs, Max-Outs and Gap-Outs with aconsecutive occurrence of 1 or more.

Pedestrian events are never filtered

Metric: Purdue Phase Termination Chart
Detection Requirements: None




Overland Park, Kansas — 75t & Metcalf

(Phase 8 sticking on in early morning)

7hth Metcalf Signal 12
Monday, September 15, 2014 12:00 AM - Monday, September 15, 2014 11:55 PM

| Free 1Plan_fP—Flan 1— Flan s I Plan 2 I Flan 3 1 Flan_— Plan 5———— Free—
o0 oM 2 0 4 0 06 07 08 09 10 1|1 12 13 14 15 16 17 18 M\ A0 2 X2 23 0D
8 - .L = ' I aw e i o
T —foom A RS -
E L1}
T e e
E
= x: : = =
=]
e
i 3 ST S SR S EE— U -
5 thir AR vl e R L i R 5 i
1
0
|

0 001 02 B ¢ 05 06 072 08 M W0 T 12 13 ¥ 1B 1w 17 18 19 20 11 22 23 0
Time (Hour of Day)

Currently showing Force-Offs, Max-0Outs and Gap-Outs with aconsecutive cccurrence of 1 or more.

Pedestrian events are never filtered
Metric: Purdue Phase Termination Chart
Detection Requirements: None
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Overland Park, Kansas — College & Antioch

(Phase 8 sticking on in early morning)

FPhase Mumber

L . L I = R B, = :

g%

Caollege Antioch Signal 125
Monday, September 15, 2014 12:00 AM - Monday, September 15, 2014 11:5% PM

| Free —Plan 1——PFlan 10— Plan_—Plan 6———FPlan 5——P_rPlan 34 P_7P_f; Plan 7 A
o0 M 0z 03 04 05 D6 OF 0B 09 1 11 7 93 ¥ 1m 46 17 48 1Mm™m A A X OF: 0D
I
B ST
- i
-
T DT
|
gy o 02 @3 M4 05 06 07 O3 M9 1 1 12 13 4 15 1w 17 18 19 0 A 2 23 00

Ti

Currently showing Force-Offs, Max-Outs and Gap-Outs withaco

L Lt TS

Llim -

me (Hour of Day)

nsecutive occurrence of 1 or mare.
=l

Metric: Purdue Phase Termination Chart

Detection Requirements: None
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Phase Number

10400 South & River Heights Drive — Riverton, Utah

(Should time from phase 8 be given to phase 7?)
1 or more consecutive occurrences

10400 South River Heights Drive Signal 7228
Thursday. September 18, 2014 12:00 AM - Thursday, September 18, 2014 11:55 PM

Currently showing Force-Offs, Max-Outs and Gap-Outs with aconsecutive occurrence of 1 or more.
Pedestrian events are never filtered

, Free — Plan 1— Plan 4 , Plan 13 —Plan 4— Free——
00 01 G2 03 A4 05 06 077 108" 090 W M 2 3 M4 A5 A6 972 98 19 20 ;¥ 2 23 @6
" . . ; S R R 1
;
6 - L
5 v
4
3
2 —
.
0

00 01 02 03 04 05 06 070 08 09 10: =1 12 13 14 15 16 A2 18 19 20 21 2 23 00
Time (Hour of Day)

@ Gap out O Pedestrian activation

(shown above phase line)

@ Maxout O Skip

@ Force off Metric: Purdue Phase Termination Chart

Detection Requirements: None



Monitoring Duration of Splits by TOD

1 of 8 phases shown

300 west 600 North SIGHT122 Phase 4
Wednesday, September 03, 2014 12:00 AM - Wednesday, September 03, 2014 11:55 PM

Free — Plan 1—; Plan 10 —Plan 13— Pl_+ Free |

15.2 - 85 Percentile Split— 42.7 - 85— 49.6 - 85 Percentile Split— 42.5 - 85 Per..; 37_7 19.9 - 85 Percentile..q

— 14.0 Avg. Split——— 32.5 Avg._.— 30.8 Avg. Split—— 33.6 Avg. Sp_.; 28_1— 16.4 Avg. Split—

——0.5% MaxOuts————8.2% Forc.— 14.7% ForceDfls—— 13.0% Foree_43.0_1—0.7% MaxDuts—
———98.4% GapOuts—91.8% Ga.T—85.3% GapOuts——82.0% Gap0_.457..7—94.9% GapOuts

——0.5% Skipg—0.0% Skips—0.0% Skips——— 0.0% Skips—0.0_.——4.4% Skips—

o0 01 02 03 04 05 06 O7F QB 09 10 11 12 13 14 15 16 17 18 19 20 1 22 23 0

100
g{] 5 T B e T S | T [ | LI Rl [ et [SRseo N N ifissn P el o T
ED i R [ SN I ISR SRS " [ IS E— S ISR E—— SU—— S f . J N I A —

?D 2 e B e e ] e o e B e B [ ] e e B L e el e (e T s e tE e Rty patt b e eate

50

40

30

?g At S e nls

0

4

Fhase Duration [Seconds|

0 01 02 03 04 05 06 O7 02 09 W0 M1 12 13 14 15 16 17 18 19 20 21 22 23 0D

@ Gapout @ Pedestrian activation ~ T'me (HeurefDay)

@ Max out

@ Force off Metric: Split Monitor

Detection Requirements: None



Detector gone bad. Long Max1.

State Street 4500 South SIG#7157 Phase 8
\Wednesday, September 17, 2014 12:00 AM - \Wednesday, September 17, 2014 11:58 PM

Free —Plan 1— Plan 7 —Plan 13— Plan 7 1Fq

— 66.0 - 85 Percentile Split— 63.7 - 85 Per._;— 37.0 - 85 Percentile Split— 56.2 - 85 Per..7 41.9 - 85 Percentile Splity
66.3 Avg. Split—— 53.2 Avg. Split—— 35.3 Avg. Split—— 57.1 Avg. Splity— 39.4 Avg. Split— 4

— 98.6% MaxOuts—— 98.9% Force..T——99.0% ForceOffts———98.6% Force..+—100.0% ForceOffs—3,
0.0% GapOuts—0.0% GapOutsy——0.0% GapOuts—0.0% GapOutsT—0.0% GapOuts— 01
—0.4% Skips —1.1% Skips——0.5% Skips————1.4% Skips———0.0% Skips——5
DD[LI 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00

70— - =
60 o SN
50 . o
40
30
20
10

0

Phase Duration (Seconds|

00 01 02 03 04 05 06 07 08 09 10 M 12131415151?181920212223{}:[}
Time (Hour of Day)

Metric: Split Monitor
Detection Requirements: None
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Reduced Max1 to historical values until detection
IS fixed.

State Street 4500 South SIG#7157 Phase 8
Friday, September 15, 2014 12:00 AM - Friday, September 15, 2014 11:58 PM

Free —FPlan 1— Plan 7 —Plan 13——Plan 7—F;

40.5 - 85 Percentile Split— 64.4 - 85 Per_y— 36.0 - 85 Percentile Split—) 55.1 - 85 Per.1 39.7 - 85 Percentile Splity

— 40.7 Avg. Split——— 53.9 Avg. Splitr——— 34.7 Avg. Split—— 56.8 Avg. Splitr— 36.6 Avg. Split—

— 98.2% MaxOuts——98.9% Force..;T——99.5% ForceOffs———98.6% Force..T—99.4% ForceOffs— 1

0.0% GapOuts—0.0% GapOutsy—0.0% GapOuts—0.0% GapOuts7—0.0% GapOuts— 51

—0.3% Skips—————1.1% Skips——0.5% Skips————1.4% Skips——0.0% Skips——0;
00 01 02 03 04 05 06 O7 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00

g 0 B |
E 60 {;-_-_,_,:._ 5 e B
& 50 : o R R
: o w2l : o e . 1.
I o 7 s e g i P
s 30 '
(]
g 20
£ 10
0

00 01 02 03 04 05 06 07 08 09 10 M 12131415161?181920212223{}:[}
Time (Hour of Day)

Metric: Split Monitor
Detection Requirements: None
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Coordination Optimization Example: Progression Quality

One approach shown

il gﬁ‘:’mf‘é'ﬁ“"” Bangerter Hury (SR-154) 10400 South Signal 7384 Phase: 6 Southbound
TNy aree \Wednesday, September 03, 2014 12:00 AM - Wednesday, September 03, 2014 11:59 PM
Change to Yellow
—— Change to Red 78% Ao
— Volume Per Hour
I Ao - Arrival On Green Free Plan 1 Plan 12 Plan 7 Free
B GT - Green Time 79% AoG 75% AoG 72% AoG 83% AoG 68% AoG
BN PR - Platoon Ratio [ 75%GT | 43% GT | 47%GT |  4B%GT | B4%GT |
1.05FR 1.56 PR 153 PR 173FR 126 FR
00 01 02 03 04 05 06 07 OB M 10 i 15 95 I 18 W oA E) iR i
15'] r I [ I I I I [l I
120 1 : E b v e B |
| e T .

g 90 — ] 81 : NiRnn

)

o

E

g 60—

[}

&

EI'D r L) . - o
Bl L 1
D Ir_:._'-‘ ,I;" '-I.'_. 5. -."'I .".--I"-I-‘: _.'-_.:-_ C Hie &5 At N 3 gt 4 a
00 o0 02 03 o4 05 7 08 s 1 12 M 15 W 1 18 19 20 21 2 23

Time r of Day)

Vehicles arrive on green

Vehicles arrive on yellow

Vehicles arrive on red Metrlq. Purdu_e Coord.matlon Diagram
Detection Requirements: Advance Counters




ptimization example:
Progression Quality

Bangerter Hwy (SR-154) 5400 South (SR-173) Signal 7063 Overlap: 10 Northbound

Thursday, March 07, 2013 7:00 AM - Thursday, March 07, 2013 5:00 PM

Good offset

Bad offset

A

|Spuooag] awi | aj2dn)

Time (Hour of Day)

iagram

D
Advance Counters

ion

t

ina

Purdue Coordi

IC

Metr

Detection Requirements
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Cycle Time (Seconds|

Full Cycle: Offpeak Plan 7(Before)

Redwood Rd & 400 North — Saratoga Springs —May 7, 2014 - Northbound

Redwood Rd. 400 North (Saratoga Springs) Signal 6087 Phase: 2 Northbound
\Wednesday, May 07, 2014 12:00 AM - \Wednesday, May 07, 2014 11:59 PM

79% AoG

Free Plan 1 Plan 7 Plan 13 Plan7 Free
92% AoG 78% Ao 71% AoG 88% AoG 74% AoG 92% AoG
| 9% GT | 82% GT | 83% GT [ 82% GT | 88% GT | 93% GT _|
0.96 PR 0.95PR 0.86 PR 1.07 PR 0.84 PR 0.9 PR
00 01 02 03 04: 05" 06 07 08: 09 W0 ¥ 12 43 A4 A5 46 VU A8 19 =2 2b 3220 523

150 —t ' '
‘ II
= A
- .
L]
[ o!_-z i; B 3 u
oo i DR ] : ] X
el EX TRt [N e I e | o R (o L R . 2
S0 P L 5 TR ; b Tty D T A < poy 1
0 N e e O o e e s 1 | 1
E o T S g | i b B ] 1 "f. < 2] [ v
" L3 o PR | ot A0 WLl B R S s
3t i A LICER | IR S 7S o v CEan ! > :
- 'I :--rf‘ '_-‘".: bk B 35 Pali gt AT e * x|
60 o ke | E T R SO T Ll [T
3 - | 75 0 T S T > R
’gé % P i S Bl SRR Y SR L]
B s N R R e e g
B 4 9 . =k -~ o3, T = e | ;|
. va ks 3] k'?-é?_*- ;;-'.',-:_? '.'-";5?'3 o c'a'a:f- l"?‘ = # f.':;.. :r-:}-
30 k = R |k & { 341 ""’.‘."\: o PR ool I T TSR o e
B P : 'L =0 v . ., [ = o
o[ s ailla B ; e R N
(] gz - i
SRV ; A B
e ?' a 2 B MO A s "
. B LR 1 q 2 R £ M oY {5 . A ) o PR o T =] [
0 IR o 2 23 '?3 i k] A, e PR ]S S S ?::S -@ il o

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Time (Hour of Day)
Metric: Purdue Coordination Diagram
Detection Requirements: Advance Counters
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Lycle [ime |Seconds|

Double Cycle: Offpeak Plan 8 (After)

Redwood Rd & 400 North — Saratoga Springs —June 11, 2014 - Northbound

Redwood Rd. 400 North (Saratoga Springs) Signal 6087 Phase: 2 Northbound
Wednesday, June 11, 2014 12:00 AM - \Wednesday, June 11, 2014 11:55 PM

87% AoG
Free Plan 1 Plan 8 Plan 13 Plan 8 Free
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Metric: Purdue Coordination Diagram
Detection Requirements: Advance Counters




Cycle Time [Seconds|

Full Cycle: Offpeak Plan 7(Before)

Redwood Rd & Pony Express — Saratoga Springs —May 7, 2014 - Southbound

SR-68 (Redwood Rd) Pony Express Pkwy Signal 6078 Phase: 6 Southbound
Wednesday, May 07, 2014 12:00 AM - Wednesday, May 07, 2014 11:55 PM
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Metric: Purdue Coordination Diagram
Detection Requirements: Advance Counters




Double Cycle: Offpeak Plan 8 (After)

Redwood Rd & Pony Express — Saratoga Springs —June 11, 2014 - Southbound

Cycle Time (Seconds|

SR-68 (Redwood Rd) Pony Express Pkwy Signal 6078 Phase: 6 Southbound
Wednesday, June 11, 2014 12:00 AM - Wednesday. June 11, 2014 11:53 PM
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Metric: Purdue Coordination Diagram
Detection Requirements: Advance Counters




Purdue Coordination Diagram

Bangerter & 5400 3/ /2013) . Detsctor Ackvalion

= Change to Green
Change to Yellow

= Change to Red

—— Volume Per Hour

I 200G - Arrival On Green

Bangerter Hwy (SR-154) 5400 South (SR-173) Signal 7063 Overlap: 10 Northbound B GT - Green Time
Thursday, March 07, 2013 12:00 AM - Thursday, March 07, 2013 11:55 PM I FR - Platoon Ratio
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Metric: Purdue Coordination Diagram
Detection Requirements: Advance Counters




Arrivals on Red

Bangerter & 5400 S NB (3/7/2013)

— Arrivals on Red
=== Percent Arrivals on Red
—— Total Vehicles

Yolume [Vehicles Per Hour|

Bangerter Hwy (SR-154) 5400 South (SR-173) Signal 7063 Overlap: 10 Northbound
Thursday. March 07, 2013 12:00 AM - Thursday. March 07, 2013 11:59 PM

Total Detector Hits = 18979 Total AoR = 6422
Percent AoR for the select period = 34
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Metric: Arrivals on Red
Detection Requirements: Advance Counters
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Simplified Approach Delay

Bangerter & 5400 S NB (3/7/2013)

Bangerter Hwy (SR-154) 5400 South (SR-173) Signal 7063 Overlap: 10 Northbound
Thursday, March 07, 2013 12:00 AM - Thursday, March 07, 2013 11:58 PM

Average Delay Per Vehicle = 219 Seconds.
Total Delay For Selected Period = 595957 Seconds
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Simplified Approach Delay. Displays time between detector activation during the red phase and when the phase turns green.
Does NOT accountfor start up delay, deceleration, or queue length that exceeds the detection zone.

Metric: Approach Delay
Detection Requirements: Advance Counters
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3000

2800 —
2600 —

2400

2200 |
2000—| % A

1800

1600 —
1400 —

1200

1000 —
800 —

600

0

Approach Volumes

» When to take a lane for maintenance
» Directional splits for offset optimization
» Network models
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Detection Requirements: Advance Counters
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Lane-by-Lane Volume Counts

Use for traffic studies, models, adjust splits, coordination balance

1US-85 Main Street (American Fork) SIGHE023
QOctober 22, 2013 12:00 AM - Tuesday, October 22, 2013 11:58 PM
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Approach Speeds

— PmﬂndEkmeﬁ
Bluff & 100 S, St. George, NB (5/5/2013) I s
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Metric: Approach Speeds
Detection Requirements: Wavetronix Advance Radar
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Operations & Traffic Study Example:

Vehicle Speeds at Intersections
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Metric: Approach Speeds

AASH I a
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Detection Requirements: Wavetronix Advance Radar
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Measuring Corridor Travel Time — Cumulative Frequency

Before & after corridor evaluations using historical GPS travel time data from INRIX

Before Condition: SB Bangerter Hwy: SR-201 to 7000 S, SLC, UT —March 2013
After Condition: SB Bangerter Hwy: SR-201 to 7000 S, SLC, UT —May 2013

Cumulative Freguency Chart

Bangerter Hwy: SR-201 to 7000 S, Southbound
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Metric: Purdue Travel Time Diagram
Detection Requirements: Probe Data Set
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Metric 1: Purdue Coordination Diagram
Detection Requirements: Advance

Metric 2: Purdue Travel Time Diagram
Requirements: Probe data set



Executive Reports & Prioritizing

» Are signal operations improving, staying the same, or getting
worse and by how much?

» How does an agency most effectively prioritize resources and
workload?

» What are our areas of most need?

Statewide Summary 24 hours / day in Utah for August 2014

m Arrival on Red Volume Intersections

Month Percent  Platoon Ratio Daily Average Per Approach Total Number of Approaches
Aug 2014 30% 1.16 10,740 414 843

»Region, corridor, and intersection summaries also available.
» Prioritize coordination projects where they’re needed the most.

»Engineers could now directly measure what previously they
could only estimate and model.

Metric: Executive Reports
Detection Requirements: Advance Counters




SPM s for Arizona? Some Options!

UDOT donates SPM software
for free and assists with setup.

- Option 1: Each city has their
own separate SPM system.
- Yk Costly: ~ $150K+
- No sharing of data
- Option 2:
A - Each city has a small server
(existing server).
Y - Small servers could upload data
logs to 1 big server.
- Total cost ~ $25K

- Large benefits of sharing data with
others

It's a Game Changgmc,: th Huge Benefits, Increased
Transparency, Domgl ore with Less, and K-I|-S-S!

RRRRRRRRRR
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Automated Traffic Signal Performance Measures

AASHTO Innovation Initiative (formaily TiG)
2013 Focus Technology

Mission: Investing time and money to accelerate
technology adoption by agencies nationwide
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Georgia Department of Transportation
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ABOVE AND BEYOND. BY DESIGN
ka udot.utah.gov

AASHIO

Innovation Initiative




Alert Example: 100% Max Out

SPM Alerts for 4/9/2014

SPMWatchDog@utah.gov

5092 - SE-126 {1300 W) & Riverdale (5300 5) (Roy) - Phase: 1

5105 - Antelope (SR-108/2000 M) & I-15 NB (Layton) - Phase: 4
6022 - US-89 & Pacific Dr (American Fork) - Phase: 3

5305 - 400 East & 800 Marth - Phase: 4 <€ Example
6310 - Center Street (Orem) & I-15 SPUI - Phase: 8

7055 - Bangerter Hwy (SR-1584) & SR-201 DD - Phase: &

7062 - Bangerter Hwy (SR-1584) & 4700 South - Phase: 11
7613 - 10600 South & 700 West - Phase: &

8114 - Bluff Street & I-15 NB Ramps - Phase: 4

» Daily email at 7 a.m.
» Uses Purdue Phase Termination chart data

» Flags phases with >90% max-outs on each phase
between 1 a.m. and 5 a.m.

» Compare to previous day’s list. Only phases with new

flags are sent in the email.
Metric: Purdue Phase Termination

Detection Requirements: None




Alert Example: 100% Max Out

Alert email

» Phase 4 at 400 E & 800 N, 4/9/2014 sent
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O Skip
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Metric: Purdue Phase Termination
Detection Requirements: None
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Offset Optimization Case Study
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Offset Optimization - BEFO
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Offset Optimization —AFTER

SB NB

DATE: £/18,
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Standards & Requirements

»Controller specs and requirements to include Indiana/Purdue Hi Def
Data Logger (http://docs.lib.purdue.edu/jtrpdata/3/)

»Gontrollers already with Indiana/Purdue Data Logger:
» Econolite Cobalt: Any Version
» Econolite ASC3 NEMA: V. 2.50+ & OS 1.14.03+
» Econolite 2070 with 1C CPU Module: V. 32.50+
» Intelight Maxtime: V. 1.7.0+
» Peek ATC Greenwave 03.05.0528+
» Trafficware 980ATC V. 76.10+
» Siemens M50 Linux & M60 ATC
= ECOM V. 3.52+
= NTCIP V. 4.53+

» McCain — In progress

http://udottraffic.utah.gov/signalperformancemetrics




Find out more: http://ail.transportation.org

#» AIl Home

& About AII »
» Membership

# Focus Technologies

& Executive Committee »

» Feedback

» Additionally Selected
Technologies

#» AIl-Solicitation

# Lead States Team >
Guidance

AASHTOD = AASHTO Innovation Initiative = AII Home @ E ﬂ n

Formerly the AASHTC Technology Implementation Group, the A455HTO Innovation
Initiative advances innovation from the grassroots up: by agencies, for agencies,
peer-to-peer. The program actively seeks out proven advancements in
transportation technology, investing time and money to accelerate their adoption
by agencies nationwide. Each year, the program selects highly valuable
technologies, processes, software, or other innovations that have been adopted
by at least one agency, are proven in use, and will be of significant benefit to
other agencies.

Recently selected techneologies with links to additional infermation are listed
below. Also, you may view alf Focus Technologies and Additionally Selected

Technologies categorized by AASHTO subcommittes interest area. | nn G\fatiﬂ n I nitiative

Lead States Team Focus Additionally Selected
Technologies Technologies (ASTs)
2014 Focus Technologies 2014 ASTs

= Carbon Fiber Reinforced Polymer Strands = Bridge Expansion Joint System

« e-Construction * Prep-ME Software

« Right of Way Plans Index Site « Sandwich Plate System Bridge Decks
2013 Focus Technologies 2013 ASTs

« Automated Traffic Signal Performance Measures « Double Crossover Diamond Interchange

+ UPlan Phase II

» Watershed Resources Registry Prior Four Years ASTs
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